The phase purity of AMnF, AFeF, ACoF, and ANiF samples were checked prior to the SQUID measurements using powder X-ray diffraction. A lab-source diffractometer (λ = 1.78897 Å) was employed for the measurements . We found that while the ANiF and AMnF samples were phase pure, the synthesis for [NH 4 ][Fe(HCOO) 3 ] and [NH 4 ][Co(HCOO) 3 ] contained both [NH 4 ][M(HCOO) 3 ] and a small amount of impurity M(HCOO) 2 ·2H 2 O phase. Two different synthesises were performed for AFeF, but the iron formate dihydrate impurity remained in both final products [Figures S1 and S2] . Figure S1 : Rietveld refinement of the powder X-ray diffraction of the first sample of AFeF measured at ambient conditions. The dark blue, orange, and grey hkl tick marks represent [NH 4 ][Fe(HCOO) 3 ], Fe(HCOO) 2 ·2H 2 O (impurity phase), and Aluminium, respectively. The weight percent of each component phase was refined as 86.6(14)% for [NH 4 ][Fe(HCOO) 3 ], 4.9(9)% for Fe(HCOO) 2 ·2H 2 O, and 8.6(13)% for the Aluminium holder. Figure S2 : Rietveld refinement of the powder X-ray diffraction of the second sample of AFeF measured at ambient conditions. The dark blue and orange hkl tick marks represent the [NH 4 Figure S4 : Rietveld refinement of the powder X-ray diffraction of AMnF measured at ambient conditions. The dark blue hkl tick marks represent the [NH 4 ][Mn(HCOO) 3 ] phase, and the grey represent the Aluminium. The broad peaks shapes are due to the lack of a monochromater. Figure S5 : Rietveld refinement of the powder X-ray diffraction of ACoF measured at ambient conditions. The dark blue hkl tick marks represent the [NH 4 ][Co(HCOO) 3 ] phase, the grey ticks represent the Aluminium, and the orange ticks show the Co(HCOO) 2 ·2H 2 O phase. The broad peaks shapes are due to the lack of a monochromater.
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Low-temperature X-ray powder diffraction at 20 K was performed on the first AFeF sample at the ALBA synchrotron, Barcelona, Spain (λ = 0.41269 Å) to confirm there were no additional symmetry lowering from the known P 6 3 low-temperature phase [ Figure S6 ]. S1, S2 It is worth noting that no iron formate dihydrate impurity could be detected, while the measurement on the same sample inhouse [ Figure S1 ] showed ∼5% of the impurity. The inverse susceptibility data in the high-temperature region (above 15 K for AFeF, AMnF, and above 60 K for ACoF and ANiF) can be fitted to the Curie-Weiss law (Eq. S1)
where χ is the susceptibility, T is the temperature, C is the Curie constant, and Θ is the Weiss temperature. The C and Θ values agree well with those determined previously for AMnF, ACoF, and ANiF [ Table S1 ]. S3 The negative Weiss temperatures are in agreement with the antiferromagnetic order determined from low-temperature neutron powder diffraction for these compounds. S2
The effective magnetic moment per M 2+ ions (µ eff ) with the units of Bohr Magneton (B.M.) is calculated using Equation S2 [ Table S1 ]:
where k B is Boltzmann's constant, N A is Avogadro's number, and µ B is the Bohr Magneton. The µ eff values determined are close to the theoretical effective magnetic moments calculated using the spin-only formula [ Table S1 ]:
where g is the Landé g-factor and S is the spin angular momentum. A larger difference between the calculated µ eff and the spin-only µ eff is observed for ACoF, which may have additional contribution to µ eff from spin-orbit coupling. Table S1 : Parameters from the Curie-Weiss fits of the different AMF compounds (including both AFeF samples), the magnetic transition temperatures, and the µ eff values with the units of Bohr Magnetons.
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Figure S11: Curie-Weiss fit to the inverse susceptibility of AMnF under an applied field of 1000 Oe. 
S13
A cubic lattice of spins were used to fit the paramagnetic region of the ambient pressure susceptibility data using Monte-Carlo simulations. Figures S15-S17 show the fits from the Monte Carlo with three adjustable parameters, the exchange coupling J, the g-factor, and the temperatureindependent contribution χ 0 due to diamagnetic background and van Vleck paramagnetism. These fits were performed to obtain the coupling J constants for the different AMF compounds in order to choose the appropriate U d (Hubbard) parameter in DFT+U . Table S2 : Preferred spin directions for the magnetically-ordered AMFs within each phase.
Canted Moments for ANiF and AMnF
Figure S19: The pressure dependence of the experimentally-determined maximum canted moments for ANiF (i.e. without powder averaging) in solid green circles. The diamond red symbols represent the canted moments calculated from the DFT-relaxed structures. Figure S20 : The pressure dependence of the experimentally-determined maximum canted moments for AMnF (i.e. without powder averaging) in solid pink circles. The diamond black symbols represent the canted moments calculated from the DFT-relaxed structures.
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ACoF high-pressure SQUID measurements
The pressure dependence of [NH 4 ][Co(HCOO) 3 ] (ACoF) magnetisation was measured, however, after 0.96 GPa a pronounced peak at 6.5 GPa is observed. This could be due to a spinreorientation process or the effect of the cobalt formate dihyrate impurity, although the magnetic transition of the impurity phase was previously observed at 5.1 K. S4 Considering that both ACoF and AFeF have incomplete quenching of the orbital moment, it is rather surprising that these two compounds do not show similar pressure dependence of the spin canting (through our observation of the spontaneous magnetisation magnitude). In fact the pressure dependence of spontaneous magnetisation for ACoF are on the same scale as for the AMnF-III and ANiF phases ( Figure S22 ). Even at ambient pressure, the ACoF exhibits a smaller magnetisation (60 cm 3 Gmol −1 ) compared to AFeF (100 cm 3 Gmol −1 ), despite ACoF having the larger spin-orbit coupling component. The origin for the small pressure dependence of DMI in ACoF is unclear, but may be connected to spin frustration that is more evident in ACoF than all other AMFs through its higher Θ/T N value S5 of ∼5 compared to the value of ∼2 found for the other AMFs [ Table S1 ]. 
The relation between the structures of the first and second high-pressure phases of AMF (AMF-II and AMF-III, respectively) is given by:
The relation between the structures of the ambient-pressure hexagonal phase and the second high-pressure phase of AMF (AMF-I and AMF-III, respectively) is given by:
These matrix transformations were selected using the choices available in isodistort S6 and by checking the crystal structure transformations in the CrystalMaker ® software. S7 Figure S23 : The unit cell relation between the AMF-II and AMF-III phases. On the right, the AMF-III and equivalent AMF-II unit cells are shown in black and pink, respectively.
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10 Twinning of AMF-III Figure S24 : Schematic representation of the diffraction pattern created from the six monoclinic twins with similar cell parameters to those observed in AFeF-III at 2.8 GPa. The coloured dots correspond to individual groups of reflections from the six twin domains. The three monoclinic cells indicated in solid lines (I, III, and V) are rotated around a threefold axis parallel to the b*-axis, while the unit cells with dotted lines are obtained by a rotation of 180 • of the I, III, and V unit cells around the threefold axes (indicated in grey lines). The corresponding hexagonal cell is shown in dotted black. Below the schematic diffraction, the h2l* reciprocal space reconstruction of AFeF-III at 2.8 GPa is shown.
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11 Lattice parameters and bulk moduli Table S3 : Unit cell parameters for AMnF as a function of pressure. The AMnF-II lattice parameters represent the average from the six twin domains integrated separately in CrysAlisPro. S10 Two different crystals were measured as indicated by the double line separation. For AMnF-III (second crystal), the 1.38 GPa represents the average from three twin domains, while 1.54 and 1.98 GPa are the average from the two most intense twin domains. The asterisks represent unit cells determined from Pawley refinements of the extracted powder diffraction of the wide image scans (oscillation from −20 to +20 • in 2 s). Table S4 : Unit cell parameters for AFeF as a function of pressure. The AFeF-II lattice parameters represent the average from the six twin domains integrated separately in CrysAlisPro. S10 For AFeF-III, four twin domains were used for the 2.37 and 2.55 GPa pressure points, and two domains for the 2.78 GPa pressure point. Four different crystals were measured as indicated by the double line separation. The asterisks represent wide images (oscillation from −20 to +20 • in 2 s), which were fitted using Pawley refinements to the extracted powder diffraction data. Diffraction data was measured upon decompression from 2.55 GPa to 1.96 GPa.
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phase P (GPa)
The bulk moduli (B 0 ) obtained from the second-order Birch-Murnaghan (BM) equations of state fits are given in Table S6 . BM fits were not performed for AMnF-I, AFeF-I, and AFeF-III due to the small number of pressure points in these phases (the points upon decompression for AFeF-III have a different compressibility to those upon compression). For the ANiF-II phase, the pressure points (1.45, 1.80, 2.30 GPa) from a previous study were additionally used for fitting the BM equation of state, S9 as four points were not sufficient to constrain the fit. Table S6 : Bulk moduli of AMF phases determined from Birch-Murnaghan equation of state fits in pascal. S13
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12 H-bonding in AMF-II and AMF-III phases Figure S25 : Relaxed structure of AFeF-II at 0.86 GPa using DFT. The hydrogen bonding interactions are indicated via dotted red lines.
S29
Figure S26: Relaxed structure of AFeF-III at 2.4 GPa using DFT. The hydrogen bonding interactions are indicated via dotted red lines.
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13 Pressure dependence of octahedral angles Figure S27 : The O-M-O angles of the neighbouring cis oxygens within the MO 6 octahedra for AMnF, AFeF, and ANiF.
